Abstract: This paper aims to develop and analyze the effects of a socio-ecological model-based intervention program for preventing metabolic syndrome (MetS) among office workers. The intervention program was developed using regular health examinations, a "health behavior and need" assessment survey among workers, and a focus group study. According to the type of intervention, subjects took part in three groups: health education via an intranet-based web magazine (Group 1), self-monitoring with the U-health system (Group 2), and the target population who received intensive intervention (Group 3). The intervention programs of Group 1 and Group 2, which relied on voluntary participation, did not show significant effects. In Group 3, which relied on targeted and proactive programs, showed a decrease in waist circumference and in fasting glucose (p < 0.001). The MetS score in both males (−0.61 ± 3.35 versus −2.32 ± 2.55, p = 0.001) and females (−3.99 ± 2.05 versus −5.50 ± 2.19, p = 0.028) also showed a statistically significant decrease. In light of the effectiveness of the intensive intervention strategy for metabolic syndrome prevention among workers used in this study, companies should establish targeted and proactive health care programs rather than providing a healthcare system that is dependent on an individual's voluntary participation.
Introduction
Metabolic Syndrome (MetS) is a cluster of several metabolic abnormalities that are risk factors associated with coronary artery disease. Thus, MetS has been shown to increase death rates associated with diabetes mellitus (DM) and cardiovascular diseases (CVDs) [1] [2] [3] [4] . The prevalence of MetS in Korea is increasing along with an increasing rate in the worldwide population [5] [6] [7] . Of particular concern, due to DM and CVDs, is the death rate of the adult population in Korea, which is reported to be higher than the Organization for Economic Co-operation and Development (OECD) average [8] .
About 65.9% of adults in Korea are employed [9] and Korea ranks third for the longest hours worked among OECD countries [10] . In addition to bearing heavy workloads, Korean office workers experience stress, smoke, drink frequently due to work dinners, and have less physical activity than other types of workers due to the sedentary nature of their work [11, 12] . Due to these work-related risk factors, high MetS rates have been reported among Korean office workers [13, 14] . This means that most of the adult population in Korea is exposed to working conditions that place them at risk of chronic disease. Even though improving health behavior for the prevention and management of MetS is important [15, 16] , a structured Workplace Health Promotion Program (WHPP) is offered in very few companies in Korea.
The comprehensive WHPP has been proposed by The American Heart Association (AHA) for the prevention of cardiovascular disease [17] . The Centers for Disease Control and Prevention has asserted that the use of effective workplace programs and policies can reduce health risks such as hypertension (HTN), dyslipidemia, and DM, which improves the quality of life for workers [18] . The CDC has promoted the WHPP as a planned, organized, and comprehensive set of programs, policies, benefits, and environmental supports based on workers' needs. Thus, workplaces may provide an important and unique opportunity for promoting the adult population's health [19, 20] .
For an effective WHPP, a socio-ecological approach that considers the many factors impacting individuals' health behavior is necessary [21] . The intervention program was developed using the theoretical framework derived from the Socio-ecological Model (SEM) to prevent MetS among Korean office workers. The SEM is based on the premise that an individual's health behavior is affected by various external systems and organizations; policies should take into account not only personal characteristics but also interpersonal, organizational, social, and environmental factors [22] . In the theoretical view provided by the SEM, it is crucial to identify not only the influence of individual factors on workers' health but also that of the work environment. In order to see substantial effects from WHPP, it is necessary to provide a comprehensive program that includes workers' participation, peer-to-peer support, and the development of a healthy work environment. Based on the SEM, this intervention program selected variables containing organizational and environmental factors, in addition to personal demographic, psychological, and lifestyle variables.
In this study, a MetS prevention-intervention program among office workers was developed utilizing the SEM. The results from the program will be used as a basis to establish a workplace health management system. To this aim, this study introduces the development and implementation of intervention strategies and its verified effects.
Materials and Methods

Study Design and Setting
In this study, we present the development and effects of a SEM-based intervention program for preventing MetS among office workers. Due to the study's quasi-experimental setup, a pre-test and post-test design was used. This intervention study was conducted among 891 office workers employed at a single firm in Seoul, South Korea.
Program Development
Four steps were taken in order to develop an effective intervention program. First, we conducted a 10-year cohort analysis of regular health examinations to assess the MetS indicators of office workers. In the case of male office workers, the results showed that the risk factors fasting glucose (FG), triglycerides (TG) and waist circumference (WC) significantly increased with working years [23] . Second, we conducted a factor analysis of the SEM variables to identify risk factors of MetS among the workers [24] .
Third, we conducted a health behavior and need assessment survey issued via the firm's intranet to determine appropriate intervention strategies. In order to implement a prevention program that meets the needs of workers at the firm, we examined topics such as WHPP awareness, one's participation experience, why they participated, and what information they sought (response rate 36.1%). We found that more than 50% of respondents answered "I don't know" about WHPP, and about 30% reported no experience. The most common reason for participating was "weight management". There was relatively high interest in monitoring one's health through the U-health system. In this study, the U-health system allows individuals to measure their own health information at the firm's on-site health clinic and a specially designed electronic device ("CADY U-Health Zone PRO STANDARD") allows individuals to access their information through a kiosk or personal computer using a personal ID. Thus, this system allows for continuous self-monitoring of one's own health.
Fourth, a focus group study (FGS) was conducted, composed of personnel managers, the company-affiliated occupational health nurse, and researchers. The FGS helped to improve managers' awareness and create an intra-organizational support system, providing a foundation to create an intervention program that could be implemented on site. Following the FGS, detailed information about the intervention program was provided at the company's labor council meeting and an agreement was reached to commit to the intervention program.
The development and implementation process of this prevention program was based on the theoretical framework of the SEM, in which individuals' health behavior is not only affected by individual characteristics but is also affected by various external factors [25] . Thus, it is important to consider interpersonal, organizational, environmental, and overarching policy factors. Figure 1 presents the variables used in this study reflect the SEM.
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Implementation Process
In this study, three prevention programs were implemented (Table 1 ). In the first program (Group 1, the "health education group"), targeting all office workers in the firm, health education was distributed via an intranet-based web-magazine. The second program provided further health education to voluntary participants (Group 2, the "self-monitoring group"), who could use the Uhealth system to self-monitor one's health. These programs were provided to Group 1 and Group 2 for a total of 6 months (from November 2013 to April 2014). In the third program, subjects were the target population who had over three MetS indicators or a BMI (Body Mass Index, defined as the body mass divided by the square of the body height) greater than 25 kg/m 2 . For this "intensive intervention group" (Group 3), the program was provided for a total of 10 weeks from (November 2013 to January 2014). 
In this study, three prevention programs were implemented (Table 1 ). In the first program (Group 1, the "health education group"), targeting all office workers in the firm, health education was distributed via an intranet-based web-magazine. The second program provided further health education to voluntary participants (Group 2, the "self-monitoring group"), who could use the U-health system to self-monitor one's health. These programs were provided to Group 1 and Group 2 for a total of 6 months (from November 2013 to April 2014). In the third program, subjects were the target population who had over three MetS indicators or a BMI (Body Mass Index, defined as the body mass divided by the square of the body height) greater than 25 kg/m 2 . For this "intensive intervention group" (Group 3), the program was provided for a total of 10 weeks from (November 2013 to January 2014).
For Group 1, information on health promoting behavior was disseminated by a web-magazine leaflet, provided once every two weeks. This health education included MetS-related diseases, as well as understanding the impact of chronic stress, obesity, nutrition, exercise, drinking, and smoking on MetS. Though the relative ease of distribution and production of material on health education via a Web-magazine has its advantages, the material was provided in a manner that depends on voluntary participation. We could only gauge use by total hits and thus could not accurately assess employees' understanding or the application of its contents.
Group 2 used the health clinic's U-Health System managed by the occupational health nurse. Through the U-health system, one can voluntarily measure health indicators, and the nurse can provide consultation regarding the measurement results and any changes. A total of 180 people participated in this six-month-long prevention program. The advantages of the U-Health System are that individuals' health information is guaranteed to be kept confidential and that all one's health information can be self-monitored. This program has an inherent disadvantage because it too is dependent on individuals' voluntary participation and interest; we cannot obligate participation. An intensive strategy was used for Group 3 (target population) by comprehensive management with the organizational support. In this program, subjects were able to improve their athletic ability through the strengthening of basic physical fitness and form supportive bonds between team members through group exercise classes. The program was performed under the guidance of two certified exercise trainers for one hour, two times a week (for a total of 20 times). Additionally, structured exercises and diet plans were made available in order to achieve a balanced body composition and reduce central obesity (WC). Considering accessibility and usability, an on-site exercise program was conducted shortly after office hours. In addition, in order to promote daily physical activity and encourage lasting healthy behaviors, participants utilized a handheld daily activity tracker ("TANITA FB-730"). The data was collected and patterns of physical activity could be self-monitored by this individualized, wearable electronic device. The data on one's physical activity is stored on the tracker itself and can be uploaded so that employees can check their progress easily. By continuously monitoring subjects' participation rates in the program and their physical activity, the occupational health nurse could give individual fringed health counseling. The counseling was offered with flexible schedules if the participant requested.
This intervention program was approved by the Institutional Review Board (IRB, 1040548-KU-IRB-13-12-A-2). Permission was also obtained from the president of the company, the director of the occupational health center in the company, and participants of this study.
Measurement
For Group 1 and Group 2, we used MetS indicators (obtained by BP measurement, anthropometric measurement and blood tests) from regular health examinations. We analyzed the health examinations results from 2013 (pre-intervention) and 2014 (post-intervention), which were conducted at the company-designated general hospital, in accordance with the Korean Occupational Safety and Health Act. We also collected health screening questionnaire data which was checked just before the health examination. For Group 3, additional health examinations were given pre-and post-intervention. Also, in order to understand subjects' individual and organization-related health behavioral characteristics, we conducted intranet-based health behavioral surveys between April and June 2013 (pre-intervention) and May and August 2014 (post-intervention).
Measured MetS indicators from Group 1 and Group 2's regular health examinations included those obtained from blood tests (FG, HDL-C, and TG), anthropometric measurements (WC), and a blood pressure (BP) measurement. MetS indicators were based on the criteria set by The National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) [26] . We based the WC on the lower criteria set by the Korean Society for the Study of Obesity (KSSO), which takes into account the body type of Korean people [27] . Of the five MetS indicators (WC, BP, FG, TG, HDL-C), if three or more of the following conditions are met, subjects were defined as having MetS: WC over 90 cm (male), 85 cm (female); BP over 130/85 mmHg or medicated; FG over 100 mg/dL or medicated; TG over 150 mg/dL or medicated; or HDL-C less than 40 mg/dL (male), 50 mg/dL (female) or medicated.
Through the Intranet-based health behavioral survey, we were able to examine the SEM variables which included individual factors and organizational factors of health behavioral characteristics. The individual factors examined were general health status, general self-efficacy, stress level, knowledge of MetS, and health behaviors including physical activity, sleep quantity, and diet. To measure general health status, subjects were asked to rate their general perception of their own health using a five-point Likert response scale. A 10-item scale was used to assess a general sense of perceived self-efficacy [28] and each item used a four-point Likert response scale. The reliability in its development was represented as Cronbach's alpha coefficients for 0.75, and 0.89-0.90 in this study. For Stress level, respondents rated both their general stress level and work-related stress level on a scale from 1 (low) to 7 (high) points. To measure knowledge of MetS, we took the sum score from a total of six questions that assessed respondents' MetS-related health knowledge where subjects were asked to ascertain whether statements made about MetS were true or false. The Cronbach's alpha coefficients of knowledge of MetS was 0.70-0.79. Physical activity was measured by the number of times a week that a respondent participated in at least 30 minutes of vigorous physical activity. For sleep quantity, two response choices were given: 7-8 h (good) or something else (fair). To measure diet, we summed the scores of 10 questions that asked about subjects' eating habits with response choices being yes (over five times a week) or no (less than four times a week). The Cronbach's alpha coefficients of diet was 0.62-0.79. Organizational factors were examined using three variables: organizational commitment, job satisfaction, and job stress. Organizational commitment was assessed using a four-point Likert scale in response to two statements and was calculated as one variable by summing these ratings. A higher score indicated greater commitment to the organization [29] . In this study, the Cronbach's alpha coefficients of organizational commitment were 0.60-0.74. Job satisfaction was measured using a single question with responses ranging from very dissatisfied to very satisfied. Job stress was measured using the Korean Occupational Stress Scale-Short Form (KOSS-SF) [30] . The KOSS-SF consists of 7 subscales with 24 items: job demands (4 items), insufficient job control (4 items), inadequate social support (3 items), job insecurity (2 items), organizational system (4 items), lack of rewards (3 items), and occupational climate (4 items). Each question used a four-point Likert response scale and the sum of the scores for each subscale was converted to a 100-point system. The reliability in its development was represented as Cronbach's alpha coefficients of 0.51-0.82. In this study, the internal reliability coefficient was 0.66-0.67.
In the case of Group 3's intensive intervention program, for participants who received extra health examinations pre-and post-intervention we measured MetS indicators including WC, and BP. We also measured FG, HDL-C, and TG which uses peripheral blood. The medical lab technicians performed the hematologic exam using a portable clinical chemistry analyzer ("SAMSUNG LABGEO pt10 "). 
Statistical Analysis
The collected data was analyzed using the IBM SPSS statistical package (ver. 21; sSPSS Inc., Chicago, IL, USA). Frequencies, percentages, means and standard deviations are presented for each of the general characteristics for each group of subjects. In the descriptive analysis of the indicators, the mean and standard deviations are shown for the continuous variables and the frequencies and percentages are shown for the categorical variables. To test the effect of the intervention program for each of the groups, we conducted t-tests for continual variables and McNemar tests for categorical variables. The level of statistical significance was defined as a p-value < 0.05.
Results
Of the company's 891 employees, subjects included in the final analysis were those who received pre-and post-intervention general health examinations (for Groups 1 and 2) and extra health examinations (for Group 3) as well as respondents to the intranet-based health behavioral survey: Group 1 (n = 449, 50.4% indicate the response rate of those who completed both health examinations and the survey among the participants in each group), Group 2 (n = 75, 41.7%), Group 3 (n = 41, 66.1%). Results for the general characteristics and demographics for each group are found in Table 2 . a Numbers for characteristics do not total the same number due to missing data.
Program Effectiveness for Group 1 and Group 2
Upon the completion of the intervention program, we observed no significant positive changes in MetS indicators for both Groups 1 and 2. Also, there was no significant change in the SEM variables in Group 1. In Group 2, there was a significant increase in the mean diet score in Table 3 . 
Program Effectiveness for the Target Population (Group 3)
After the intervention, there was a significant reduction in the mean WC (89.96 ± 9.87 vs. 86.93 ± 9.79) and FG (93.44 ± 11.78 vs. 84.56 ± 9.55) in Group 3 (p < 0.001). Also, as a result of the intensive intervention program, the number of subjects with each of the MetS indicators was either reduced (WC, BP, FG, HDL-C) or stayed the same (TG). In particular, the mean decrease of WC, as well as the corresponding WC risk factor condition and elevated waist circumference, showed a statistically significant decrease (p = 0.002). MetS prevalence decreased by about 9.8% between pre-intervention (n = 17, 41.5%) and post-intervention (n = 13, 31.7%). The MetS score (MetS risk converted into a continuous z-score) showed a significantly decreased mean for both men (−0.61 ± 3.35 vs. −2.32 ± 2.55, p = 0.001) and women (−3.99 ± 2.05 vs. −5.50 ± 2.19, p = 0.028), which indicates that the intensive intervention program improved each MetS indicator and resulted in a reduction in the prevalence of MetS, in Table 4 . In addition, among the SEM variables of health behavioral characteristics there was an improvement in individual factors such as general health status, general self-efficacy, stress level, knowledge of MetS, physical activity level, sleep quantity, and diet score between pre-and post-interventions. However, these changes were not statistically significant. Among the changes of the job stress component, such as job demand, insufficient job control, and lack of rewards, only job demand showed a statistically significant reduction (p = 0.047).
Discussion
In this study, we developed, implemented, and examined the effect of workplace-based MetS prevention programs. The theoretical framework of the interventions was developed using the SEM, which comprehensively takes into account individual, organizational and environmental variables that affect one's health behavior. We attempted three different intervention strategies. The results did not show significant improvement in MetS indicators in Group 1 and Group 2, who both received a passive intervention dependent on voluntary participation. However, Group 3, who received the intensive intervention accomplished with the company's systematic support and management, showed a statistically significant reduction between pre-and post-intervention WC and FG. Further, the MetS score's post-intervention means for both men and women significantly decreased. In sum, a tailored and intensive WHPP, targeted at the at-risk population, based on active participation, and implemented with the organization's systematic support and management, was effective.
The positive results among the at-risk population with an intensive intervention were consistent with previous literature. For example, male workers diagnosed with MetS (n = 37) in Takimoto et al.'s study, which reported improvement in body weight (BW), BMI, FG, HbA1c, and insulin levels for the treatment group [32] . In Maruyama et al.'s study, MetS male office workers who had risk factors for MetS (n = 26) were given an exercise program, diet improvement education and counseling, which also resulted in an improvement in each of BW, BMI, FG, and insulin levels [33] . A workplace-based exercise program showed similar changes in BW, body fat percentage, WC, TG, total cholesterol (TC), HDL-C, and LDL-C for male workers who have risk factors for MetS (n = 26) in the study conducted by Matsuo et al. [34] . Further, through a worksite intervention program that included the provision of education, reform of eating habits, the promotion of physical activity, and counseling, overweight workers in Mache et al.'s study increased physical activity, improved their diet, and saw a decrease in BMI [35] . Moreover, though subjects may already be diagnosed with MetS, an intensive intervention tailored to those with risk factors was found to be generally effective in improving BW and BMI and was effective in improving MetS indicators including WC. These results have been consistently corroborated.
On the other hand, WHPP, a passive-based intervention which is reliant on voluntary participation, had a relatively weak effect. In Engbers et al.'s systematic review of environmental modifications strategies in WHPP, research studies found no evidence of improvement for health risk factors, including cholesterol levels, BMI, and BP [36] . Further, Lemon et al. also suggested that when there is organized and systematic management support for the voluntary participation-based WHPP, one could expect a larger effect from the program [37] . That is, when an active, intensive intervention program is implemented and takes into account individual and organizational factors, it can be considered more effective for workers' health promotion [17, 38] .
This study has several strengths. First, the results from the development and implementation of intervention programs using three different strategies for the prevention of MetS among office workers were presented. In this study, the WHPP's success suggests the importance of an intensive intervention program implemented with the systematic support and management of the company. Second, in the process of developing and implementing these intervention programs based on the SEM, we actively sought to reflect subjects' needs (individual factors) and to elicit the support of colleagues and the organization (organizational factors). Moreover, this study tried to reflect important considerations of WHPP: workers' privacy and flexibility. For example, the individual health counseling was offered with flexible schedules when the participant requested and was based on their regularly monitored health status. This study's development process and results can be used as a good example for the development and implementation of WHPP in Korea. Third, this study emphasized the occupational health nurse's role as responsible for the workers' health as well as the important health care provider.
On the other hand, there are some limitations of this study. First, this study was conducted using a non-randomized, quasi-experimental design where subjects were recruited on a voluntary basis, which may have led to confounding bias. Furthermore, this research was only conducted within group comparisons that would not reflect the significance of 3-group design. The SEM composed of individual, organizational and environmental variables, which is the theoretical framework used in this study, affects workers' health status. From this perspective, organizational and environmental strategies that affect the whole company members were the key components of the implementation programs. Because of the diffusion problems with effectiveness of these strategies, the study was not able to conduct implementation with three independent groups that can conduct analytic comparisons between groups. Second, there were some statistically significant changes in SEM variables in Group 3 (e.g., job demand). It is hard to explain that the change among job stress variables is not consistent. However, it is possible to suppose that the strategy contains motivated participation, peer group, and organizational support in intensive intervention, possibly leading to a decrease in job demand. Third, because this research was not carried out by the government but by private researchers through a 3-year research project, we experienced considerable difficulty and effort was required for change in the corporate organization and workers' health behavior. Even after the completion of the intervention programs, workers recognized the need for an ongoing WHPP. Thus, in regard to the health promotion of workers, an important achievement of this study is changing perceptions so that the occupational health nurse can continue the WHPP. Finally, the study sample included only office workers in a single firm of a country and the sample sizes of each group were quite different, which may have limited the generalizability of the findings. In the future, we suggest repeated and continuous research based on large populations in various settings.
Conclusions
In conclusion, this study shows that the organization's active support and systematic management of at-risk individual's strongly motivated participation and is very important for the implementation of WHPP for the prevention of MetS among workers. This research suggests that intensive interventions that are geared for the target population may be more effective than passive interventions that are dependent on workers' voluntary participation. We anticipate that the expansion of MetS prevention programs in the workplace, using this study's results, will be an opportunity to bring about a change in the public perception of the importance of health care for workers, which is currently a health care blind spot.
